Abstract The current event-related potential study investigated the modulation effects of different emotion regulation strategies on electrocortical responses. When watching negative or neutral pictures, participants were instructed to perform three tasks: cognitive reappraisal, expressive suppression and passive viewing. We found that negative pictures elicited a larger late positive potential (LPP) than neutral pictures. Moreover, processes involved in strategy also had an effect on LPP amplitude, which was indicated by a larger LPP in reappraisal compared with suppression and viewing tasks when neutral pictures were presented. After the influence of processes on LPP was excluded, results showed that reappraisal effectively decreased the emotion-enhanced LPP than suppression and viewing. The difference in regulatory effect may be determined by the underlying processing mechanism. A larger frontal-central component, N2, was observed in suppression than reappraisal and viewing, which suggested that it involved the processes focusing on behavioral response. While the larger LPP found in reappraisal implicated that it recruited cognitive processes focusing on the picture meaning.
Introduction
Emotion regulation is a basic ability for one's personal and social life, and closely relates to mental health. Difficulty in emotion regulation is found in mood disorders who usually fail to regulate their emotional responses and tend to avoid the emotional situations (Phillips et al. 2008) . A variety of emotion regulation strategies are adopted in our daily life. However, their regulatory effects are quite different. The current study compared the regulatory effects of two common strategies, cognitive reappraisal and expressive suppression with event-related potentials (ERPs). We examined the effects of the two strategies on electrocortical responses evoked by negative pictures. Moreover, we also investigated their underlying processes that might result in the regulatory effects.
Reappraisal is an often adopted strategy in which people interpret the meaning of emotional stimuli in an alternative way, such as understanding the emotional stimuli in a neutral meaning. As a consequence, the multiple emotional responses in subjective feelings, physiological activities and behaviors could be changed (Gross and Thompson 2007) . Reappraisal has been proved to be positively correlated to mental health and considered as an adaptive strategy (Gross and John 2003; Gross and Levenson 1993) . Another strategy investigated in the present study is suppression, in which people inhibit the emotional expressive behaviors including facial expressions and gestures in social situations (Gross 1998) . Although it was consider that reappraisal is an better regulatory effect than suppression, mood disorders such as depressive individuals usually adopt suppression to behaviorally regulate their emotions (Ehring et al. 2010; Campbell-Sills et al. 2006) or brooding and inhibiting thoughts to cognitively regulate their emotions (Bornas et al. 2014) .
Reappraisal and suppression are found to have different effects on multiple emotional responses. Suppression can inhibit one's facial expressions and other emotional behaviors, but its effect on reducing the emotional feelings is limited. In contrast, reappraisal is effective both in inhibiting the emotional behaviors and decreasing subjective feelings (Gross 1998; Gross and Levenson 1997) . Besides, suppression needs physiological cost to inhibit emotional facial expressions, which is reflected by increased physiological activations, such as skin conductance, heart rate, sympathetic activation of cardiovascular system, etc. (Gross 1998; Gross and Levenson 1997) . Moreover, it has been demonstrated that reappraisal can significantly decrease the activation level of emotion evaluation regions including amygdala and insula (Ochsner et al. 2004; Schaefer et al. 2002; Beauregard et al. 2001; Phan et al. 2005) . But this effect is not found in suppression (Goldin et al. 2008) .
Different regulatory effects may result from the distinct processes involved in the two strategies. Given emotion generation is a course unfolding with time, Gross has proposed that reappraisal is an antecedent-focused strategy while suppression is a response-focused strategy (Gross and Thompson 2007) . Reappraisal focuses on the cognitive steps which transform information into the percepts with emotional significance. The goal is to alter the emotional meaning of the situation. Suppression targets the late stage when emotional response tendencies have been initiated and are going to be implemented. It aims to directly control emotional behaviors. Neuroimaging studies have found that reappraisal and suppression activated different regions in prefrontal cortex. Reappraisal activates dorsal anterior cingulate cortex (dACC), dorsal medial prefrontal (dMPFC) and medial orbito-frontal cortex (mOFC) (Ochsner et al. 2004; Lévesque et al. 2003) . The ACC is found to be related to the processing of emotional conflict (Botvinick et al. 2004; Etkin et al. 2006) , dMPFC is involved in affect empathy (Balconi and Bortolotti 2013) and MOFC is associated with cognitive control (Ridderinkhof et al. 2004) . It suggests that these processes may be recruited by reappraisal. Whereas suppression recruits dorsal frontomedian prefrontal cortex (FMPFC) for voluntary inhibition of action (Kühn et al. 2009 (Kühn et al. , 2011 . Goldin further found that reappraisal activated related regions in an early period (0-4.5 s) while suppression in a late period (10.5-15 s) (Goldin et al. 2008) . It supported that these two strategies target different stages in emotion generation.
Besides behavioral and neuroimaging method, EEG and event-related potentials (ERPs) are also widely used in investigating emotion regulation. For instance, an EEG study proposed that reappraisal in MBCT (MindfulnessBased Cognitive Therapy) ministered an excitatory mechanism to regulate emotions through modulations upon a and c power (Schoenberg and Speckens 2014) . In ERP studies, the late positive potential (LPP) is used as an index of emotional response which indicates automatic attention and elaborated processing of emotional stimuli. A larger LPP is steadily found to be elicited 300 ms after exposure to pleasant or unpleasant stimuli than neutral ones . Moreover, the amplitude of LPP is sensitive to emotional arousal, which is larger when high arousal stimuli were presented than low arousal stimuli . Emotion regulation studies have evidenced that the amplitude of LPP elicited by negative stimuli can be modulated by reappraisal. When participants are instructed to down-regulate the feelings on emotional pictures by reappraising their meanings in a neutral way, the amplitude of LPP is significantly reduced compared with passive viewing Krompinger et al. 2008; Hajcak and Nieuwenhuis 2006; ).
However, a usually neglected factor in prior ERP studies is that the changing of LPP amplitude in emotion regulation may not only indicate emotional response, but also reflect a variety of cognitive processes. It is reported that LPP complex is sensitive to some top-down processes (Gevins et al. 1996; Johnson and Donchin 1985) including information retrieval from working memory (García-Larrea and Cézanne-Bert 1998), internal attention switching (Rushworth et al. 2005; Swainson et al. 2006) , evaluation of stimulus meaning (Shigeto et al. 2011 ) and conflict processing (Baetens et al. 2011) . In emotion regulation, both the emotional response and processes are changed compared with passive viewing. Therefore, it can be reasonably speculated that the amplitude of LPP in emotion regulation could be influenced by reappraisal-relevant processes as well as emotion.
Given the different underlying processing mechanisms of reappraisal and suppression, we would predict that they have different effects on LPP amplitude. To separate the strategy-influenced LPP from the emotion-enhanced LPP, negative and neutral pictures were presented in the current study. The difference waves of LPPs between negative and neutral picture conditions in reappraisal, suppression and viewing tasks were attained. The difference wave in each task indexes the emotional response after regulating by strategy. We predicted that negative pictures would elicit larger LPPs than neutral pictures. Moreover, processes involved in different strategies might also influence the amplitudes of LPP. The regulatory effects of reappraisal and suppression can be revealed by comparing the difference waves in different tasks.
Methods

Ethics statement
All participants were provided written informed consent in accordance with the Declaration of Helsinki. The ethics committee of the Institute of Psychology, Chinese Academy of Sciences approved the participant-recruitment procedure and the methodology of this study.
Participants
Thirty-four female university students (mean age = 22 -years, range = 19-25 years) participated in the experiment for payment. All participants reported normal or correct-tonormal vision and no history of neurological or psychiatric disorders. They were also told that they could quit whenever they feel uncomfortable when the unpleasant stimuli were presented in the experiment.
Materials and design
The experiment consisted of 120 negative pictures and 120 neutral pictures from the International Affective Picture System (IAPS) (Lang et al. 2008) . The valence of negative pictures (M = 2.88, SD = 0.94) was lower than neutral pictures (M = 5.62, SD = 0.98). Additionally, the arousal of negative pictures (M = 5.70, SD = 0.84) was higher than neutral pictures (M = 3.64, SD = 1.07). Another set of 240 pictures (e.g., scenes and objects) was used to help participants relax after each trial.
Participants were instructed to perform three tasks about these IAPS pictures. In reappraisal task, participants were asked to reappraise the upcoming picture according to the preceding description. For example, the negative picture Fig. 1 showed ''A man is pointing a gun against a woman's head'' should be reappraised in a neutral meaning ''The government filmed a riot public advertisement'' presented in the preceding screen. All neutral pictures were described in a neutral meaning. According to Foti and Hajcak (2008) , the presentation of neutral description can help participants reappraise the negative pictures and decrease negative responses. Furthermore, it can exclude the confounding strategies that may be involved in the reappraisal task, such as detachment and attention shift (Foti and Hajcak 2008) . In suppression task, participants were required to inhibit any expressive behaviors like frowning and curling lip elicited by negative pictures. When neutral pictures were presented, participants were also asked to relax and control any emotional expressive behaviors. In passive viewing task, participants watched pictures and didn't have to inhibit or exaggerate their responses. Therefore, six conditions were constructed in our study, reappraisal-neutral, reappraisal-negative, suppression-neutral, suppression-negative, viewing-neutral, and viewing-negative. Throughout the experiment, participants' facial behaviors were monitored by a camera, and feedbacks were given to them in the practice period. Participants were well trained before the experiment. Neutral and negative IAPS pictures were evenly assigned into three tasks with their emotional valences and arousals matched across tasks.
Procedure
Participants were seated in a comfortable distance (60-80 cm) from the monitor. In each trial (as shown in Fig. 1 ), an instructed sentence was presented (in reappraisal task a sentence with neutral description was provided) on the screen for 3000 ms. Participants were required to perform reappraisal, suppression or viewing task according to these instructions. After the fixation (''?'') for 250 ms, the target picture was presented on the screen for 3000 ms. Participants needed to keep watching the picture according to the instruction. After the target picture disappeared, participants rated their intensity of negative feelings with a scale from1 (not negative) to 5 (extremely negative) in 5000 ms. Followed was the intertrial interval of 5000 ms, in which a relaxing picture was presented to help participants restore their emotions. Then the next trial began.
Eight runs were conducted, including pseudorandomized 240 trials from six conditions (40 trails for each). Each run lasted for about 6 min and participants can take a break after it. Before the experimental procedure, all participants performed 60 practice trials to get familiar with the tasks. The target and relaxing pictures used in the practice trials were from internet and not overlapped with that used in experiment trials.
Facial behavior recording and encoding
A black camera recorded the continuous facial expressions from the forehead to the mouth of the participants, which was positioned upon the monitor. The facial expressions were rated by two coders who were professional at coding facial gestures with Facial Action Coding System (Ekman et al. 2002) . Coders were blind to the experimental materials and design, and they were required to rating the negative-expressive behaviors on a scale from 1 to 5 (1 = none, 5 = extremely strong).
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Electroencephalogram (EEG) recording and preprocessing
Continuous EEG recordings were collected by an elastic cap equipped with 64 Ag/AgCI electrodes with SynAmps amplifiers II (Neuroscan Inc.) based on 10/20 system. GND on the forehead of the cap served as ground. Left mastoid served as online reference. Vertical electro-oculogram (EOG) generated from eye-blinks was recorded with two electrodes placed 2 cm below and above the left eye. Horizontal EOG was recorded with two electrodes placed on bilateral external canthuses. The EEG signals were digitized at a rate of 500 HZ with a band-pass from 0.01 to 100 Hz. The impedances of all the electrodes were kept below 10 kX. The raw EEG data were processed with NeuroScan 4.3. Ocular artifacts were removed from the EEG signals using a regression procedure implemented in the Neuroscan software (Semlitsch et al. 1986 ). All of the EEG data were filtered by a band pass of 0.1-30 Hz and re-referenced to the algebraic average of two mastoids. EEG data were segmented to 3500 ms epochs time-locked to each target picture, starting 500 ms prior to the onset. And the epochs were baseline-corrected 500 ms before the onset of pictures. Trials with excessive physiological artifacts exceeding the amplitude of ±100 lV were excluded from further processing. More than 35 trials for each type of picture in each strategy were remained for each participant. Data from four of the participants were excluded from final analysis because over 30 % of their EEG data were rejected.
To reduce the spatial dimensions, electrodes were divided according to three level, anteriority (anterior, middle, posterior), laterality (superior, inferior) and hemisphere (left, right) (Dien and Santuzzi's 2005) . As in previous studies (Foti and Hajcak 2008) , the hemisphere difference is usually found to be not obvious, we divided the electrodes only in the dimensions of anteriority and laterality. Thus six clusters were created in our study: anterior-superior cluster (F1, F2, FC1, FC2, F3, F4, FC3, FC4, FZ, FCZ), anterior-inferior cluster (F5, F6, FC5, FC6, F7, F8, FT7, FT8), middle-superior cluster (C1, C2, CP1 CP2, C3, C4, CP3, CP4, CZ, CPZ), middle-inferior cluster (C5, C6, CP5, CP6, T7, T8, TP7, TP8), posterior-superior cluster (P1, P2, PO1, PO2, P3, P4, PO3, PO4, PZ, POZ), and posterior-inferior cluster (P5, P6, PO5, PO6, P7, P8, PO7, PO8). LPP amplitude in each condition for each participant was scored by averaging the amplitudes of electrodes within each cluster in two windows, 400-1000 ms for the early period and 1000-3000 ms for the late period.
In order to evaluate the effects of emotion, task, and electrodes on LPP, a 2 (emotion: neutral, negative) 9 3 (task: viewing, suppression, reappraisal) 9 3 (anteriority: anterior, middle, posterior) 9 2 (laterality: superior, inferior) repeated-measures ANOVA was conducted in the early and the late periods.
We tested the emotion effect, i.e., whether negative pictures evoked larger amplitude of LPP than neutral Fig. 1 An example trial of presentation. The instruction was presented for 3000 ms. After the 250 ms fixation, the target picture (either negative or neutral) was presented for 3000 ms. Then a negative feeling rating was required to be answered with keyboard in 5000 ms. At last, the relaxing pictures was presented for 5000 ms pictures. We also examined if three tasks elicited different amplitudes of LPP for neutral and negative pictures. If the amplitudes of LPP were different among three tasks when neutral pictures were presented, it might suggest that reappraisal, suppression and viewing involved different processes. Therefore, when negative pictures were presented, the LPP amplitude cannot be directly used to indicate the emotional response as the regulatory effects because it was influenced both by the negative pictures and the processes involved in strategies. Instead, the difference wave, which was obtained by subtracting LPP amplitude evoked by neutral pictures from that by negative pictures in each task, was used as the index of regulatory effect.
ms
Besides LPP, frontal-central N2, an early component, was used to differentiate the underlying processing of reappraisal, suppression and viewing tasks in both neutral and negative pictures. It was scored as the averaged amplitudes from frontal-central sites (F1, F2, FC1, FC2, C1, C2, F3, F4, FC3, FC4, FZ, FCZ, C3, C4, CZ) in 200-300 ms after stimulus picture onset in each condition for each participants. The N2 effect was examined in a 2 (emotion: neutral, negative) 9 3 (task: reappraisal, suppression, viewing) repeated-measures ANOVA.
All the behavioral and ERP data were statistically tested using SPSS (Version 13.0) General Linear Model software. Greenhouse-Geisser correction was applied if appropriate; p values were adjusted with the Bonferroni correction for multiple comparisons.
Results
Behavioral data
Self-reported feelings
As shown in Fig. 2a , the rating scores revealed that negative pictures were rated as less negative in reappraisal task than suppression and viewing tasks. The 2 (emotion: neutral, negative) 9 3 (task: reappraisal, suppression, viewing) repeated-measures ANOVA showed that the main effect of emotion was significant, F(1, 29) = 417.64, p \ 0.001, in which negative pictures elicited more negative feeling than neutral pictures. The main effect of task was significant, F(2, 58) = 33.61, p \ 0.001, participants experienced less negative in reappraisal task than other two tasks. Moreover, the interaction between emotion and task was significant, F(2, 58) = 80.62, p \ 0.001, the negative feelings evoked in three tasks were different in negative picture condition, F(2, 58) = 64.73, p \ 0.001, but not in neutral picture condition, F(2, 58) = 2.61, p = 0.08. When negative pictures were presented, participants felt less negative in reappraisal task (Mean = 2.46, SD = 0.49) than viewing (Mean = 2.96, SD = 0.63; p \ 0.01) and suppression (Mean = 3.02, SD = 0.60; p \ 0.01) tasks. There was no difference between suppression and viewing tasks (p = 0.79). These results suggested that reappraisal was more effective than suppression in down-regulating negative feelings elicited by negative pictures.
Expressive behaviors
The rating scores of the video data from two coders were analyzed and shown in Fig. 2b . The inter-coder reliability was adequate (Kappa = 0.76). The 2 (emotion) 9 3 (task) repeated-measures ANOVA found a significant effect of emotion, F(1, 29) = 188.29, p \ 0.001, negative pictures induced more negative facial behaviors than neutral pictures. The main effect of task was significant, F(2, a Participants experienced more negative feeling in negative picture condition than neutral picture condition. Reappraisal (RP) effectively decreased negative feeling elicited by negative pictures compared to suppression (SP) and viewing (VE). b Negative pictures induced more negative facial behaviors than neutral pictures in all tasks. The negative behaviors were less in SP than RP and VE, and were also less in RP than VE. The error bars indicated the standard derivations (SDs) of rating scores in six conditions in both of a and b 58) = 74.97, p \ 0.001. And its interaction with emotion was also significant, F(2, 58) = 74.37, p \ 0.001. In neutral picture condition, the simple main effect of task on facial behavior only reached marginally significant, F(2, 58) = 3.04, p = 0.06. But it was significant in negative picture condition, F(2, 58) = 95.03, p \ 0.001. The negative facial behaviors were significantly reduced in suppression compared with passive viewing, t(29) = 12.51, p \ 0.001, and reappraisal, t(29) = 4.71, p \ 0.001, which indicated that participants inhibited the expressions successfully. At the same time, reappraisal also attenuated the negative facial behaviors compared to passive viewing, t(29) = 9.62, p \ 0.001, which might result from the successful regulation of emotion.
ERP data
N2: 200-300 ms
As shown in Fig. 3 , the amplitudes of N2 were different among reappraisal, suppression and viewing, F(2, 58) = 30.70, p \ 0.001. Suppression elicited a larger anterior-central N2 than reappraisal and viewing. Negative pictures also elicited a larger amplitude of N2 than neutral pictures, F(1, 29) = 14.09, p \ 0.001. Moreover, the interaction between task and emotion was observed, F(2, 58) = 5.67, p \ 0.01. When neutral pictures were presented, N2 amplitudes were different among tasks, F(2, 58) = 44.19, p \ 0.001. Suppression elicited larger amplitude of N2 than reappraisal, t(29) = 9.98, p \ 0.001, and viewing, t(29) = 5.19, p \ 0.001, (see Fig. 3a ). And N2 amplitude was also larger in viewing than reappraisal, t(29) = 3.85, p \ 0.01. When negative pictures were presented, the task effect was also significant, F(2, 58) = 9.79, p \ 0.001. Suppression elicited significantly larger amplitude of N2 than reappraisal, t(29) = 3.70, p \ 0.01, and viewing, t(29) = 4.85, p \ 0.001. While reappraisal and viewing were not different from each other in N2 amplitude (p [ 0.05) (see Fig. 3b ). These results may reflect different underlying processes in suppression compared with reappraisal and passive viewing.
LPP: 400-1000 ms
In the early period of LPP, the amplitudes in reappraisal, suppression and viewing were different from each other when neutral and negative pictures were presented (see Fig. 4 ). The 2 (emotion) 9 3 (task) 9 3 (anteriority) 9 2 (laterality) ANOVA revealed the significant effects of emotion, F(1, 29) = 56.07, p \ 0.001, and task, F(2, 58) = 31.82, p \ 0.001. The results also showed a four-way interaction among emotion, task, and two electrode factors, F(4, 116) = 3.077, p \ 0.05. And the task effect was interacted with electrode in a three way interaction (strategy by anteriority by laterality), F(4, 116) = 12.12, p \ 0.001. Thus we conducted the 2 (emotion) 9 3 (task) 9 2 (laterality) repeated-measures ANOVAs separately in anterior, middle and posterior electrodes.
The results of ANOVAs were shown in Table 1 . Significant main effect of emotion was observed at all anterior, middle and posterior electrodes. The negative pictures elicited larger LPPs than neutral pictures. The significant effect of task was also observed at all electrodes. Multiple comparisons revealed that reappraisal elicited larger LPPs than suppression (anterior: t(29) = 6.54, p \ 0.001; middle: t(29) = 7.39, p \ 0.001; posterior: t(29) = 4.92, p \ 0.001) and viewing (anterior: t(29) = 6.33, p \ 0.001; middle: t(29) = 3.68, p \ 0.01; posterior: t(29) = 1.07, p [ 0.05). No difference was found between suppression and viewing at all electrodes (ps [0.1). These results indicated that besides negative pictures, reappraisal also increased the amplitude of LPP compared to suppression and viewing. The interaction of emotion and task was not significant, F(2, 58) = 0.64, p = 0.53, it revealed that in both of neutral and negative picture conditions, tasks influenced the amplitudes of LPP differently (see Fig. 3 ). Grand average N2 and LPP for the neutral and negative picture conditions in different tasks at CZ. a Grand average waveforms in reappraisal (RP), suppression (SP) and viewing (VE) tasks in neutral picture condition. SP enhanced N2 amplitude in 200-300 ms (indicated by grey box) compared with RP and VE. RP elicited more positive LPP than SP and VE in 400-1000 ms (indicated by yellow box) and 1000-3000 ms (indicated by blue box). b Grand average waveforms of three tasks in negative picture condition. As in neutral picture condition, larger N2 (200-300 ms) was found in SP than RP and VE. In 400-1000 ms, RP elicited larger LPP than SP and VE, and this effect disappeared in 1000-3000 ms. (Color figure online) LPP: 1000-3000 ms
As in the early period, a 2 (emotion) 9 3 (task) 9 3 (anteriority) 9 2 (laterality) repeated-measures ANOVA was conducted. The results showed the significant main effect of emotion, F(1, 29) = 7.03, p \ 0.05, but not for task, F(2, 58) = 2.51, p = 0.09. The significant two-way (emotion by task, F(2, 58) = 6.92, p \ 0.05) and threeway interactions (emotion by task by anteriority, F(4, 116) = 3.00, p \ 0.05) were also found. Further analyses were conducted on 2 (emotion) 9 3 (task) repeated-measures ANOVAs at anterior, middle and posterior electrodes respectively. As shown in Table 1 , the main effect of emotion was observed at middle and posterior electrodes, the negative pictures elicited larger LPPs than neutral pictures. We also observed the significant task effect at anterior and posterior electrodes. The interaction of emotion and task was significant at anterior and middle electrodes. When negative pictures were presented, the amplitudes of LPP in reappraisal, suppression and viewing tasks were not different from each other (see Fig. 3b ). But when neutral pictures were presented, LPP amplitudes in three tasks were significantly different. As shown in Fig. 3a , reappraisal elicited larger LPPs than suppression (anterior: t(29) = 4.48, p \ 0.01; middle: t(29) = 3.55, p \ 0.01) and viewing (anterior: t(29) = 4.35, p \ 0.01; middle: t(29) = 3.09, p \ 0.01). No difference was found between suppression and viewing (ps [.05).
Difference wave
To investigate the regulatory effect of reappraisal and suppression, the difference waves (DWs) between negative picture and neutral picture conditions for each task were obtained. They were taken as the emotion-enhanced LPP after regulation with reappraisal and suppression. As shown in Fig. 4 , the DW of reappraisal was steadily smaller than the DWs of suppression and viewing from 1000 to 3000 ms. And the DW of suppression was not different from viewing.
To compare the regulatory effects in three tasks, we examined the DW amplitudes of tasks with a 3 (DW of task: reappraisal, suppression, and viewing) 9 3 (anteriority) 9 2 (laterality) repeated-measures ANOVA in the early (400-1000 ms) and late (1000-3000 ms) periods respectively. Moreover, to investigate whether strategies down-regulate the emotion-enhanced LPP to a neutral level, we compared the DW amplitude of each task with baseline (zero). To this end, a 2 (DW: DW of reappraisal, suppression or viewing; baseline) 9 3 (anteriority) 9 2 (laterality) repeated-measures ANOVA was conducted for each task in the early and late periods. In 400-1000 ms, the statistical results of comparisons among tasks were shown in Table 2 (left). The main effect of DW was not significant, no difference was found in the DW amplitudes of reappraisal, suppression and viewing. Moreover, DW interacted with anteriority significantly. In anterior and posterior electrodes, DW amplitudes of three tasks were not different from each other. In middle electrodes, reappraisal had significantly smaller DW than viewing, t(29) = 2.82, p \ 0.05, but the difference between reappraisal and suppression was not found, and also the difference between suppression and viewing, ps [0.05.
The comparisons of tasks with baseline were shown in Table 2 (right). It revealed that the DW of reappraisal was larger than baseline, and this effect was found in anterior and posterior electrodes, ps \0.05. It suggested that an obvious emotional effect in reappraisal task. For suppression, the DW effect was also found to be larger than baseline, and it had a three way interaction with anteriority and laterality. In anterior and middle electrodes, the DW effect was significant in both of superior and inferior sites, ps \0.0001. In posterior electrodes, the DW effect was found only in superior sites, p \ 0.0001.
In 1000-3000 ms, it was found that DWs of three tasks were different from each other. This task effect significantly interacted with anteriority, which was observed at anterior and middle electrodes, ps \0.01, but not at posterior electrodes. Multiple comparisons further revealed that DWs of reappraisal were smaller than suppression (anterior: t(29) = 3.66, p \ 0.01; middle: t(29) = 3.54, p \ 0.01) and viewing (anterior: t(29) = 3.02, p \ 0.01; middle: t(29) = 4.10, p \ 0.001). The DW of suppression was not different from passive viewing (ps [0.05). These results showed that reappraisal decreased the emotion-enhanced LPP compared with passive viewing. And suppression did not show any regulatory effect. The comparisons of DW amplitudes of three tasks with baseline revealed that in reappraisal task, the DW amplitude was not different from baseline which indicated that reappraisal effectively regulated the negative response and decreased it to a neutral level (see Fig. 4) . In suppression task, we found the DW was larger than baseline and its interaction with anteriority and laterality was significant. Further simple effect analysis revealed that the difference was exist in anterior, middle and posterior electrodes, and also in superior and inferior electrodes (ps \0.05). In viewing task, we also found the larger DW than baseline. These results suggested a conspicuous emotion-enhanced effect in suppression and viewing tasks.
Overall, analysis on DWs of tasks suggested that reappraisal had a regulatory effect on the emotion-enhanced LPP compared with suppression and passive viewing. And this effect mainly found in the late period (1000-3000 ms).
Discussion
In the current study, we directly compared the regulatory effects of two frequently used emotion regulation strategies, cognitive reappraisal and expressive suppression on electrocortical response, LPP. The results indicated that when negative pictures were presented, LPP amplitude could be enhanced by both of the emotional significance of the pictures and the processes involved in reappraisal. To obtain the emotion-independent LPPs which were able to indicate the regulatory effects of strategies, the LPPs increased by processes involved in strategies were excluded from original LPPs. And as the enhanced LPP amplitudes in neutral picture condition were only influenced by strategy processes, they were subtracted from LPP amplitudes in negative picture condition (i.e., difference waves). The difference waves indicated the emotion-enhanced LPP in strategies. We found that reappraisal significantly decreased emotion-enhanced LPP compared with suppression, and this effect was observed mainly in the late period (1000-3000 ms). The difference in regulatory effect between reappraisal and suppression might result from their involved processes.
As in the literature of ERP studies on emotion regulation, LPP indicates electrocortical response evoked by emotional stimuli, and the decrease of its amplitude reflects the attenuated emotional response. In the present study, a larger LPP was observed when negative picture were presented than neutral picture. If no effective regulation strategy was applied, the influence of picture emotion could last for the whole duration of picture presentation. On the other hand, when regulatory strategies are applied, processes involved in strategy modulated the amplitude of LPP differently. We found a larger LPP in reappraisal than suppression and viewing when neutral pictures were presented. Therefore, our results revealed that when regulating emotions with reappraisal, the LPP amplitude can be influenced both by cognitive processes involved in strategy and the emotion evoked by negative pictures.
Different LPP amplitudes among strategies in neutral pictures indicated the different involved processes of reappraisal and suppression. Previous studies have found that LPP amplitude can be increased by a set of cognitive processes including attention switching, working memory operation, meaning evaluation, etc. (Gevins et al. 1996; Johnson and Donchin 1985; García-Larrea and Cézanne-Bert 1998; Rushworth et al. 2005; Shigeto et al. 2011) . Consistent with these findings, we found that LPP amplitude was larger in reappraisal than suppression and viewing tasks. Especially when neutral pictures were presented, strategy processing was the only factor to influence the amplitude of LPP in three tasks. In reappraisal task in our experiment, participants were instructed to reinterpret the meaning of picture, they mainly focused on cognitive processing including re-evaluating the original meaning in a new way.
In contrast, no difference in LPP amplitudes was found between suppression and viewing, which suggested that suppression might don't involve the similar processes as reappraisal that could influence LPP. But suppression was found to enhance the N2 amplitude compared with reappraisal and viewing. A larger frontal-central N2 was observed in suppression both in neutral and negative picture conditions than reappraisal and viewing. In previous studies, N2 is reported to reflect an active inhibition of prepotent motor responses (Jackson et al. 1999 ) which is generated from dorsolateral and ventral lateral prefrontal regions (Liddle et al. 2001) . It is often observed in NoGo trials in which participants are asked to withhold their responses compared with that in Go trials in which participants need to implement their responses (Pfefferbaum et al. 1985) . Therefore, the larger N2 found in suppression may suggest that participants control the facial behaviors evoked by negative pictures. However, recent studies have proposed that N2 is related with an alternative function, conflict monitoring (Cavanagh and Shackman 2014) . For instance, Donkers and van Boxtel (2004) found that N2 was not different between no-go trials and Go trials (responding with maximal force), but it was larger in the 20 % go signals than 50 % go signals, suggesting that N2 was not influenced by response inhibition but a response conflict monitoring. Botvinick et al. (2001) has advanced in his conflict monitoring theory that N2 amplitude can be modulated when different and incompatible representations were activated at the same time. In our study, when negative pictures were presented participants' negative facial expressions were frequent and prepotent behavioral responses. But in suppression task, the required correct response was inhibiting their facial behaviors and keeping calm face. The activation and processing of these two incompatible response elicited conflict or competition and enhanced N2 (Botvinick et al. 2001) .
The different processing mechanisms underlying reappraisal and suppression may result in their different regulatory effects on emotion. The behavioral data directly supported the excellent effect of reappraisal as it decreased both emotional experience and facial behaviors while suppression only attenuated the latter one. After excluding the influence of processes relevant LPP, the ERP results were also evidenced the regulatory effect of reappraisal on emotion-enhanced LPP compared with suppression.
When neutral pictures were presented, no emotion regulation was needed across tasks. And reappraisal task resulted in more positive LPP than suppression and viewing for its cognitive processes. When negative pictures were presented, reappraisal task didn't reduce the LPP amplitude comparing with suppression and viewing. Instead, it had more positive LPP than other two tasks in the early period (400-1000 ms). It is speculated that reappraisal did not effectively regulate the emotion-enhanced LPP. Instead its involved processes increased the LPP amplitude. It resulted in a larger accumulated LPP in reappraisal task than suppression and viewing tasks. While in the late period (1000-3000 ms), reappraisal effectively reduced the emotion-enhanced LPP but the processing-enhanced LPP was intact. So its accumulated LPP lowered down to the same amplitude as in suppression and viewing tasks.
To further demonstrate the regulatory effect, the difference wave analysis was conducted in this study. We found no difference between suppression and viewing in the whole period of picture presentation, and the amplitudes of difference wave were significantly larger than zero, which suggested that suppression was not an effective strategy to reduce the emotional electrocortical responses. In contrast, reappraisal showed a smaller difference wave than other two tasks which suggested that it had less negative response 1000 ms after the onset of pictures. Moreover, its difference wave was close to zero, which further confirmed that reappraisal successfully eliminated the emotion-enhanced responses.
Our results support the emotion regulation model which proposed that different strategies target different stages and aspects in emotion generation (Gross and Thompson, 2007) . Suppression involve processes focusing on responses, i.e., detecting the conflict between different facial responses representations and inhibiting emotional facial behaviors. They don't relate to the emotional meaning of negative pictures. In contrast, reappraisal is an antecedentfocused strategy. Participants mainly target the meaning of negative picture. It is proposed that to neutralize the meaning of negative pictures, participants need to monitor the conflict between top-down neutral reappraisal and bottom-up emotional evaluations (Ochsner et al. 2002) , and switch the emotional meaning of the negative pictures to neutral meaning, thus the emotional responses could be attenuated. These processes all target the emotional content of the stimuli and change the trajectory of the emotional processing, but not avoid the emotional information. As has been demonstrated by Bebko et al. (2011) , more attention to the emotional aspects was the first step for successfully regulation (Bebko et al. 2011) .
In clinical practice, a larger LPP on negative stimuli is found in mood disorders such as attachment anxieties (Zilber et al. 2007 ), PTSD children (Pollak et al. 2001 ) than controls. It is explained that mood disorders tend to use the strategy of suppression than reappraisal in emotional situations (Campbell-Sills et al. 2006; Swart et al. 2009 ). As suppression cannot modulate the negative feelings and neural responses, their negative emotions are reasonably higher than healthy people. These negative emotions may impair their mental functioning and social performances in the long run (Keltner and Kring 1998) . To help them successfully deal with the emotional problems, introducing an effective emotion regulation strategy to them is necessary. For an instance, as a widely recommended therapy, cognitive behavioral therapy (CBT) indicates that symptoms in mood disorders are rooted in the maladaptive core beliefs stored in long term memory, thus clinical interventions should help patients eliminate these beliefs and reappraise emotional situations in a correct way (Butler et al. 2006 ). More importantly, besides the online regulation, reappraisal has been found to have an extended regulatory effect (Walter et al. 2009 ), which suggests the great significance of reappraisal in psychotherapy.
Conclusion
A direct comparison between cognitive reappraisal and expressive suppression was conducted in the current ERP experiment. Their different regulatory effects on emotional feelings, behaviors and electrocortical responses and potential processes were investigated. The results indicated that reappraisal was effective in reducing multiple responses including negative feelings, behaviors and emotion-enhanced LPP; while suppression only reduced negative facial behaviors. The difference in regulatory effect may result from their different underlying processing mechanisms. It was found that reappraisal elicited LPP that may related with cognitive processing on stimulus meaning while suppression elicited N2 that may be associated with processing on behavioral responses.
